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Gentlemen:

We are submitting five copies (5) of the Soil Gas Survey Report. This report
presents the results of the December 1987 field effort to characterize the
extent of contamination at the Millcreek site using an in-situ analysis of soil
gas for volatile organic compounds. The report also includes the results of
the soil gas resampling conducted in March 1988 to confirm the December 1987
results. In addition, the rationale for the location of soil boring and
additional monitoring wells based on a qualitative assessment of the soil gas
survey is presented in the report.

Very truly yours,
MALCOLM PIRNIE, INC.

; Dharmarajan i. Iyer, Ph.D.

Project Manager
Enclosures

c: Mr. Jeffrey Pike, USEPA (2 copies)
Mr. Richard Brownell, P.E.
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1.0 INTRODUCTION

1.1 BACKGROUND

The Millcreek Superfund Site is Tocated in the Town of Millcreek, Erie,
Pennsylvania. The site is known locally as the former Harper Street dump.
This 75-acre former landfill ceased operations in 1981 when it was closed by
the Pennsylvania Department of Environmental Resources (PADER). Subsequently,
the landfill was added to the National Priority List (NPL) under the jurisdic-
tion of the U.S. Environmental Protection Agency (EPA). In August, 1985, a
Remedial Investigation (RI) and Feasibility Study (FS) were completed at the
site by the EPA.

Based on the results of the RI, the recommendations of the FS and the

'EPA's Record of Decision (ROD), the U.S. Army Corps of Engineers (COE) con-

tracted with Malcolm Pirnie, Inc. to perform a remedial cleanup treatability
study of the landfill, As part of the initial field investigation, a soil gas
survey was to be performed by Malcolm Pirnie and its subcontractor, Tracer
Research Corporation (TRC) of Tucson, Arizona, in December, 1987.

The brimary objective of this soil gas survey was to qualitatively-define
the horizontal extent of the volatile organic contamination of the shallow
aquifer in and around the landfill. The results of this survey were to be
used to select locations for installing new monitoring wells and collecting
subsurface soil samples during a detailed soil and ground water investigation
scheduled for Spring, 1988.

1.2 SCOPE OF WORK

A Work Plan was prepared by Malcolm Pirnie to determine the level of
effort necessary to execute the soil gas investigation. The Work Plan de-
tailed the sampling Tocations, method of sample co11ectfon, analytical
methods, QA/QC procedures and sampling handling procedures which would be used
for the investigation. The Work Plan was approved by the COE prior to com-
mencing the soil gas survey.

In accordance with the Work Plan, 45 locations were selected for sampling
at the site. The locations were selected such that 15 samples were to be

AROGOSY?
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collected within the limits of the suspected ground water contaminant plume
identified in the RI, while 15 were located in suspected contaminant disposal
areas on the site. The remaining 15 samples were to be collected from poten-
tially "clean" areas downgradient of the site. The final sampling locations
are shown in Figure 1.

Samples were to be collected at each Tlocation using a gas extraction
technique. A portable gas chromatograph would be available to analyze each
sample immediately after collection. This technique would provide a real-time
qualitative description of the presence of and extent of contamination of the
ground water or soil. The flexibility of this technique would also enable
Malcolm Pirnie to modify the sampling plan according to the analytical
results.

Split samples were scheduled for collection at every fifth sample
location. The split samples would be collected in stainless steel gas
cylinders and submitted to an approved offsite laboratory for quantitative
analysis. This would also provide a cross-check on the analytical results
obtained in the field.

A site-specific Health and Safety Plan (HSP) was also prepared by Malcolm
Pirnie for the soil gas investigation. The COE approved the HSP prior to
beginning the soil gas investigation. The purpose of the HSP was to ensure
that the health and welfare of the investigative personnel and nearby resi-
dents were protected during the field investigation. The HSP described the
hazards at the site, the levels of personal protection reguired for specific
tasks, emergency response procedures and atmospheric monitoring techniques.

In response to COE concerns regarding the validity of the data obtained
from the soil gas survey, Malcolm Pirnie resampled several locations in March,
1988. This sampling was performed to confirm and validate the previously
obtained data. All activities were to be performed in accordance with the
methods and procedures described in the Work Plan. The results of this
resampling are also presented in this report.

2.0 SAMPLING AND ANALYSIS

2.1 SITE CONDITIONS
In response to concern about the effect of high ground water levels on

the organic vapor concentrations, the site was inspected by Dr. Dharmarajan R.
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Iyer and Mr. Douglas J. Daley of Malcolm Pirnie on December 11, 1987 to obtain
ground water elevations in selected on-site wells. The 45 sampling locations
were also staked at this time. Ground water levels were measured with an
electronic water Tevel indicator and organics concentrations in the well
casings were monitored using a Photovac TIP. In addition, ground conditions
in the residential areas were visually observed and property owners were
informed of the sampling program with assistance from Mr. Art Dietish,
Millcreek Town Supervisor.

The results of this initial screening are presented in Table 1. The
wellhead measurements of the total organic vapor concentration indicated the
possible presence'of organic contamination of the ground water at these wells.
The water table ranged from 1.6 to 6.7 feet below the ground surface within
the wells measured.

Subsequent phone conversations with the COE and TRC were held concerning
the relatively shallow ground water table. According to TRC's experience at
other sites, representative soil gas samples could be obtained under condi-
tions where the air-filled soil porosity was as low as 5 percent. The ground
water elevations were felt to be typical of the time of year. Also, the
average monthly precipitation is uniform throughout the year, based on data in
the RI/FS report. As it was likely that the ground water levels would not
decline until late spring of 1988, it would not have been feasible to delay
the soil gas survey because of the elevated ground water conditions. A delay
in the soil gas survey would have delayed the remainder of the field investi-
gation, thereby upsetting the project schedule and the implementation of the
remedial actions. Therefore, in the interest of maintaining the project
schedule, Malcolm Pirnie decided to proceed with the soil gas sampling pro-
gram.

2.1.1 Weather.

On December 14, the first day of the sampling, there was about 1 to 2
inches of wet snow cover, with a heavy cloud cover but no precipitation. In
spite of the snow cover, soil gas samples were obtained at least 2 feet below
the ground surface, to a maximum of 6 feet.

On December 15, the weather was stormy, with light occasional rain. The
site had received heavy rainfall the previous night. Due to the rainfall and
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possible muddy conditions on the site, the sampling on this day was limited to
locations north of 12th Street where soil gas samples could be obtained at 3
to 5.5 feet below ground surface. The remaining Tocations were sampled at
depths of 1.5 to 4.5 feet, on December 16 on which day the area received
significant snowfall.

2.2 SAMPLING

The soil gas survey was performed by Tracer Research Corporation (TRC) of
Tucson, Arizona under the supervision of Malcolm Pirnie's Health and Safety
Officer (Mr. Mark Hanna) and Project Engineer (Dr. Dharmarajan R. Iyer). The
TRC field team consisted of a field geologist (Mr. Steve Camp) and an analy-
tical chemist (Mr. Scott Cherba). The analytical chemist had been through
several TRC training sessions and had several months of on-the-job training as
an apprentice chemist prior to being assigned to the chemist position. A1l
analytical work was reviewed by TRC's Senior Analytical Chemist at the comple-
tion of the job. The TRC crew obtained samples and operated the analytical
equipment. A1l personnel had been trained in accordance with OSHA require-
ments for work on a hazardous waste site.

TRC utilized an analytical field van equipped with two gas chromatographs
(GC) and two Spectra Physics SP4270 computing integrators. Two built-in
generators provided electrical power for operating the GC equipment and field
equipmeht. A sbecia]ized hydraulic mechanism consisting of a set of jaws and
two hydraulic cylinders was used to drive and withdraw the sampling probes to
and from the desired depth. An electric hammer was used for pounding the
probe past cobbles and hard soil. Probes were constructed of 7-foot long 3/4"
diameter steel pipe fitted with detachable points.

The soil gas samples were collected by driving the hollow steel probe to
a depth of between 1.5 and 6 feet below grade. Only locations where the water
table was at least 1.5 feet below ground surface were sampled. The above-
ground end of the probe was fitted with a steel reducer and attached to a
vacuum pump with a polyethylene tube. Approximately 5 to 10 liters of gas was
evacuated with the pump prior to collecting the sample. The soil gas sample
was collected by using a cleaned syringe to pierce a silicone rubber segment
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‘ of tube in the evacuation line. Ten milliliters of gas was collected for
injection into the GC. The samples were duplicated in volumes ranging between

1 ul and 2 ml, depending on the VOC concentration.

2.3 ANALYSIS

Each sample collected was to be analyzed for the following volatile
organic compounds:

Trichloroethylene (TCE)

1,1 Dichloroethylene (1,1-DCE)

total (cis and trans) 1,2 Dichloroethylene (1,2-DCE)
1,1,1 Trichloroethane (TCA)

1,1 Dichloroethane (1,1-DCA)

1,2 Dichloroethane (1,2-DCA)

Chloroethane

Vinyl Chloride

. Standards were run through the GC for the following compounds:
CH2CL2 TCA 1,1-DCA 1,2-DCA
CHC13 TCE 1,1-DCE CC14 PCE

To save analysis time, compounds which were not detected in the inves-
tigation were not quantified, therefore no detection limits were calculated.
These values were reported as Not Detected (ND). The chemist would have also
attempted to identify peaks which were detected but for which no standard had
been run.

Split samples from nine locations were scheduled for analysis at an
offsite laboratory. However, since the on-site analysis detected relatively
Tow concentrations of organics in samples scheduled for off-site analysis, the
COE was advised that this portion of the investigation should be cancelled.

No peaks were observed in the retention time range for cis and trans
1,2-DCE, therefore the total concentration was not quantified. In addition,
1,1-DCE and 1,1-DCA were not detected at the site during the on-site analysis.

AROOGYLE
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. The detection 1imit for these three compounds was approximately 0.01 ug/1.

The gas chromatogréph capable of achieving the required sensitivity for
vinyl chloride and chloroethane measurements was not available for the study.
As an alternative, Malcolm Pirnie planned to collect several soil gas samples
in stainless steel gas cylinders for analysis for these compounds in TRC's
Tucson laboratory. However, this plan was aborted in the field after a review
of the real-time data and discussions with the COE. The vinyl chloride and
chloroethane results were not obtained as planned.

Throughout the investigation, only 1,2-DCA, TCA and TCE were detected.
TRC indicated that 1,2-DCA and TCA co-eluted, and that both 1,2-DCA and TCA
concentrations were calculated from one peak. The concentration reported for
each compound indicates the range of concentration for the total concentration
‘of both compounds. That is, the value reported for 1,2-DCA would be the upper
limit for the total combined concentration, while the value reported for TCA
would be the Tower 1imit. The sum of each "individual concentration would be
between the two reported values. This analytical limitation was considered
acceptable, given that previous analytical results indicated that 1,2-DCA was

. present at the site in much greater concentration than TCA.

Seven of the nine split samples of soil gas which were originally col-
lected for off-site analysis were analyzed by TRC in their Tucson laboratory
to confirm the presence of both 1,2-DCA and TCA in the soil gas. The concen-
tration of 1,2-DCA in the split samples was as much as three orders of magni-
tude greater than the concentration of TCA. This relative difference in the
detected concentrations was reflected by the analytical results obtained in
the field. The results of the split sample analysis in Tucson are summarized
in Table 2.

3.0 SOIL GAS RESAMPLING

Following the completion of the field investigation in December, 1987,
TRC agreed with the COE and Malcolm Pirnie to perform an additional day of
sampling at selected locations at the site to determine if the results of the
investigation were reproducible. The additional sampling was undertaken to

determine if the analytical results had been influenced by:
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lack of "qualified" analytical chemist,

precipitation at the time of sampling,

high ground water levels and saturated soil conditions, or
lack of system blanks at the required frequency.

The locations which were resampled were SG06, SG09, SG11, SG18, SG19,
SG26, and SG35. The resampling was performed under the supervision of Malcolm
Pirnie's Project Manager (Mr. Paul H. Werthman), Project Engineer (Dr.
Dharmarajan R. Iyer) and Health and Safety Officer (Mr. Douglas J. Daley).
Two representatives from the COE, a geologist (Mr. Michael Crain) and chemist
(Ms. Connie Biderman), were present for the sampling. The éamp1e team from
TRC consisted of an analytical chemist (Mr. Anthony Bode) and geologist (Ms.
Randi Rosenthal), each with degrees and training appropriate to their respec-
tive responsibilities. The sampling team had been approved in advance by the
COE.

The results obtained from the resampling on March 24, 1988 are shown in
Table 4. Precipitation during the week prior to sampling had been relatively
Tow. Occasional light rain occurred the day before and during sampling. A
total snowfall of 0.72 inches occurred between March 14 and March 21, 1988.
A1l snow had melted by the day of sampling however, as temperatures ranged as
high as 60 F on March 23. The sample depths are also shown in Table 4.

4,0 DISCUSSION OF ANALYTICAL RESULTS

The ground water sampling conducted during the RI indicated the presence
of a plume of volatile organic compound contamination under the eastern
portion of the site. The greatest concentrations of volatile organic com-
pounds were detected in the monitoring wells in this area, while the soils
appeared to be heavily contaminated in the central portion of the site. The

predominant contaminant of concern was 1,2-DCE.

Based on a preliminary review of the soil gas data in February 1988, it
was initially felt that the detected contaminant concentrations were signifi-
cantly lower than expected at this site. Several factors may have acted in
support of each other to cause the relatively low organic vapor concentrations
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in the soil gas. Mechanisms which act to decrease concentrations of organic
vapors in the vadose zone include high rates of infiltration and dispersion.
It is possible that the infiltration of relatively "clean" rain through the
vadose zone and water table may cause the contaminated water to "sink" and
leave a stratified layer of "clean" water at the top of the water table,
thereby reducing the amount of volatilization which may occur from the con-
taminated ground water. As vertical mixing of the ground water may be rather
Timited, the effect of infiltration of "clean" precipitation may be reflected
over time, rather than be Timited to a single storm event.

A]ternate]y,.the contaminant concentrations detected in the ground water
‘during the 1985 RI and conditions at the site may be such that the observed
soil gas concentrations are what should be expected. Due to the low detection
Timits achieved by the GC, the reproducibility of the data, and the signifi-
cantly wide range (four orders of magnitude) of concentrations measured in the
soil gas, the data provides for adequate qualitative screening of the extent
of contamination at the site and serve as the basis for the selection of soil
boring and additional monitoring well locations.

4.1 DECEMBER 14-16 SAMPLING

A total of 39 soil gas samples were collected and analyzed during the
investigation at the site. Samples could not be obtained at six locations due
to saturated conditions at a depth of less than 1.5 feet or due to the
location being inaccessible because of wet ground conditions. The results of
the analyses are summarized in Table 3. Soil gas samples collected in the

eastern portion of the site area were expected to confirm the presence of the
contaminant plume; however, no 1,2-DCE or 1,1-DCE was detected in the soil gas
samples, nor did the remainder of the detectable compounds reflect the pattern
of ground water contamination as originally anticipated. On-site analysis of
soil gas samples indicated only the presence of TCE, 1,2-DCA and TCA. TCE
concentrations in the soil gas ranged from less than 0.0001 ug/1 to 1 ug/1.
1,2-DCA ' concentrations ranged from 0.003 ug/1 to 4 ug/1, while TCA concentra-
tions ranged from 0.00002 ug/1 to 0.03 ug/1.

The greatest TCE concentration was detected at sampling locations SG-11
and SG-21 (1 ug/1). SG-11 is located downgradient of the testpit area, near
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the north end of the mounded fill in the central portion of the site. The
soil gas at SG-10, located approximately 150 feet north of SG-11, contained
TCE at a concentration of 0.6 ug/1. SG-21 is located near MW-11, downgradient
of the center of the contaminant plume. This sample was collected in the
vicinity of a subsurface soil sample collected by the EPA's Emergency Response
Team in November, 1982, which contained TCE at a concentration of 1,670 ppb.
A soil gas sample collected at SG-18, near the center of the plume and moni-
toring well MW-10, contained TCE at a concentration of 0.6 ug/1.

During the RI, ground water sampled from monitoring we]]s‘MWZBB and MW10,
near the center of the suspected contaminant plume, contained TCE at concen-
trations of 140 and 300 ug/1, respectively. Given the historica1 soil and
ground water data, it is possible that the TCE detected in the soil gas at
sampling locations SG-19 and SG-21 could be a result of both soil and ground
water contamination. Additional ground water sampiing should be performed on
the monitoring wells in this area (e.g. MW1l, MW23, MW10), while soil boring
samples should be collected near the soil gas sample locations SG-21 and
SG-18. The elevated soil gas concentrations detected at SG-10 and $SG-11 north
of the mounded fill in the central portion of the site may indicate the
presence of a source to TCE downgradient of MW20, as no TCE was detected in
the ground water at MW20 during the RI. The installation of a monitoring well
cluster downgradient of the mounded fill in the vicinity of SG10 would help
define the extent of ground water contamination and locate a contaminant
source, if present. Soil borings in this area would also assist in deter-
mining the extent of soil contaminated with TCE.

The maximum concentration of 1,2-DCA was detected offsite at SG-39 (4
ug/1), northwest of the site along the eastern bank of Marshall's Run. Other
elevated 1,2-DCA concentrations ranging from 1 to 3 ug/1 were scattered across
most of the site. 1,2-DCA was also detected at SG-35 (1 ug/1) located north
of the site, however, the concentration of 1,2 DCA in nearby soil gas samples
was two orders of magnitude less.

Ground water sampled by PADER in 1982 from MWl, MW2 and MW5 contained
1,2-DCA at concentrations of 10 ug/1, 30 ug/l1 and 42 ug/l, respectively. In
1984, during the RI, ground water samples at wells MW6 and MW9 contained
1,2-DCA at 6.0 and 7.6 ug.l, respectively. All these wells are clustered
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. along the eastern property line of the site, in the area of the 17th Street
extension. Soil gas samples collected in this vicinity contained 1,2-DCA in
concentrations of 0.1 ug/1 (at SG-17 and SG-07) and 0.2 ug/1 (at SG-09 and
SG-19. These concentrations are generally one to two orders of magnitude
greater than those concentration offsite. 1,2-DCA concentrations in the soil
gas at SG-12 and SG-13 were 2 and 3 ug/l, respectively. With respect to
ground water flow, these fwo locations are upgradient of the suspected contami-
nant plume and downgradient of the mounded fill.

. Again, the presence of elevated soil gas concentrations of 1,2-DCA in the
central portion of the site indicates the possible presence of a source of
1,2-DCA near or downgradient of the mounded fill. The occurrence of 1,2-DCA
in the soil gas in the southeastern corner of the site closely parallels the
suspected waste disposal patterns and the occurrence of 1,2-DCA in the ground
water, particularly if the contaminant source is to the west of the existing
monitoring wells. Soil borings in the southeastern and central portion of the
site will determine the extent of soil contamination and possibly locate the
contaminant source, while a monitoring well cluster near SG-12 will help to

. define the extent of ground water contamination between the mounded fill and
the eastern property line. The occurrence of the elevated concentrations at
the two offsite locations may indicate that the contaminant plume has migrated
offsite since the RI in 1984. Installing monitoring wells offsite near these
Tocations will therefore help to define the extent of movement of ground water
contamination. , _

The TCA concentrations in the soil gas decreased by two orders of magni-
tude progressing easterly from the test pit area through the contaminant plume
jdentified in the 1985 RI to the offsite sample locations. TCA concentrations
at sample locations in the western portion of the site were less than or equal
to 0.01 ug/1. SG-12 and SG-13, located in the center of the site, down-
gradient of the mounded fill and the test pit area, contained TCA at 0.02
ug/1. The maximum TCA concentration was detected at SG-39, located offsite
along the bank of Marshall's Run. SG-39, with a TCA concentration of 0.03
ug/1, does not appear to fit the general trend of TCA contamination, parti-
cularly since the other offsite sample concentrations near SG-39 were less
than 0.003 ug/1.
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The occurrence of TCA in the ground water was primarily limited to the
wells in the eastern portion of the property during an investigation by PADER
and during the 1985 RI (MW1, MW3, MW5, MW9 and MW10). The maximum TCA concen-
trations in these wells include: 5000 ug/1 at MW2, 47 ug/1 at MW3, 500 ug/1
at MW5, 59 ug/1 at MW9, and 300 ug/1 at MW10. It was initially anticipated
that, relative to the remainder of the soil gas sample locations, elevated
concentrations of TCA would be detected at the soil gas sample locations
within the contaminant plume. However, TCA concentrations in the soil gas at
SG-12 and SG-13 were an order of magnitude greater than at the sample loca-
tions within the plume. As TCA was not detected in existing wells MW-15A,
MW-20A and MW-20B to the west of the mounded fill, it appears that there may
be a source of TCA contamination in the vicinity of SG-12 and SG-13.

The installation of monitoring wells near SG-12 would help to define the
extent of ground water contamination in the central and eastern portioﬁ of the
site. Soil sampling should also be carried out in the test pit sample areas,
around the mounded fill and in the eastern portion of the site to determine
the extent of soil contamination and to aid in locating possible sources of
TCA contamination. Soil borings in the western portion of the site should be
used to determine if sources of soil contamination are present, as no ground
water contamination by volatile organic compounds was detected in that area
during the RI.

4,2 MARCH 24 RESAMPLING

The results from the March 24 resampling generally indicate that the
December survey was reproducible and that the quality control employed by TRC
for both sampling events was sufficient. Except for the sample at SG18, the
remainder of the samples were determined by the COE representatives to be

acceptable as they were the same order of magnitude as the results obtained in
December, 1987. The results obtained at SG18 indicate that greater concen-
tration of VOCs were detected in March than in December.

A more detailed analysis of the data, with respect to the previous RI and
the findings of the current soil boring and ground water sampling inves-
tigation, will be presented in the final engineering report.
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5.0 QUALITY ASSURANCE AND QUALITY CONTROL

The quality assurance and quality control (QA/QC) procedures which were
to be followed by TRC and Malcolm Pirnie are described in the Work Plan. This
discussion will focus primarily on the corrective actions which were taken
during the course of the investigation.

The qualifications of the field investigation team from both TRC and
Malcolm Pirnie were reviewed by the COE prior to beginning the investigation.
Howevef, one member of the TRC team was replaced due to illness. The field
operations at the site was staffed by Scott Cherba, B.S. Geological Engineer-

ing and Steve Camp, B.S. Chemical Engineering. Due to Mr. Cherba's training

by TRC as an analytical chemist, including several months as apprentice
chemist with TRC, he operated the GC and performed the analysis. All work
performed by Mr. Cherba in the field was reviewed by TRC's Senior Analytical
Chemist. Only the sampling equipment was operated by Steve Camp.

The Work Plan indicated that, to obtain‘representative soil gas samples,
saturated soil conditions must have been at least 1.5 feet below ground
surface at the time of sampling. However, at sampling locations SG14, SG16,
SG26, and SG29, saturated soil was encountered within 1.5 feet of the ground
surface. SG16, located on the edge of a large asphalt parking lot, could not
be sampled due to runoff from the parking lot. A sample could not be obtained
at locations SG20 and SG28 because these locations were inaccessible to the
sampling van. SGl5, initially abandoned due to its inaccessible location, was
relocated to the end of Oregon Avenue at the site limits, where it was suc-
cessfully sampled. A1l sampling points which were relocated were surveyed
into the site coordinate system; the final sampling locations are shown on
Figure 1.

System blanks were to be collected at the beginning of each day and after
every ten samples had been collected. However, a conflict in the TRC Field
Operations Manual issued to the field crew omitted this requirement and, thus,
resulted in system blanks not being taken at the required frequency. System
blanks were, however, run at the start of each day. This resulted in omitting
one system blank on December 14 and 16 (11 and 9 samples collected, respec-
tively) and two system blanks on December 15, 1987 (19 samples collected).

b AR000953
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The results of the analysis of the blanks and ambient air samples are sum-
marized in Table 5.

In response to concern regarding the effect of high ground water eleva-
tions on the soil gas concentrations, TRC provided results from previous
investigations which indicated that the analytical results of a soil gas
survey san be reproducible under a variety of geologic and hydrologic condi-
tions. Results from sites in Denver, CO, northern California and Virginia
indicated that results obtained during winter conditions were reproducible
during the following spring. To determine if the soil gas survey results
obtained at the Millcreek site were reproducible, Malcolm Pirnie and TRC
returned to the site in March 1988 to resample several locations.

6.0 HEALTH AND SAFETY

This soil gas survey was implemented in accordance with the approved
Health and Safety Plan (HSP) submitted to the COE with the Soil Gas Survey
Work Plan. Mr. Mark Hanna provided health and safety surveillance for the
initial soil gas survey. Mr, Douglas Daley provided surveillance for the
followup sampling.

6.1 INSTRUMENTATION

Air monitoring was performed on a routine basis using a Photovac TIP.
The instrument did not detect any sustained organic vapor concentrations in
the breathing zone which exceeded background. An HNu PI-101 was utilized
during the resampling for air monitoring. Again, no elevated concentrations
of volatiles were detected in the breathing zone.

6.2 PROTECTIVE EQUIPMENT
The work on the site was begun at a Level C protection. This ensemble
consisted of:

- 'full face piece air purifying respirator
- organic vapor cartridges

- Tyvek coveralls

- Tlatex gloves

- rubber boots

AROO b
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In addition, TRC personnel routinely wore hearing protection when oper-
ating the hydraulic hammer.

Based upon the air monitoring data from the Remedial Investigation and
upon the soil gas survey data and air monitoring, the level of respiratory
protection was downgraded to a Level D (no respirator). Monitoring of the
breathing zone continued using the Photovac TIP, while the respirators. were
kept available in the event they were required. In addition, the use of Tyvek
was discontinued, as there would be no contact with contaminated soil other
than at the sole of the work shoes or by handling the probes. The use of
latex gloves was continued to prevent hand contact.

6.3 DECONTAMINATION

Personnel exposure to contaminated materials during the soil gas survey
was relatively minimal. The sole of the boots and, in the case of the
geologist handling the used probes, the gloves were most commonly in contact
with potentially contaminated soils. Wash basins were used to scrub boots and
gloves prior to leaving the site. The van tires were also scrubbed and rinsed

with a spray nozzle before leaving the site.

0285-23-1112 - 14 - RRODOYSS
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STLLCRRER LG WL 2t

TABLE 1
GROUND WATER LEVEL MEASUREMENTS
DRCEMBER 11, 1987

GROUNDRATER DEPTH GROUND WATER  PHOTOVAC
FROM TOP OF CASING TOP OF CASING GRODND GROUNDNATER DEPTH (FT) TIP READING
WELL ¢ (F1) ELEVATION (FT) ELEVATION (FY) ELEVATION (FT) BRLOW GROUND  (PPM) x
s T nea o e omn T
10 5.65 114,75 113.4%° 709.10 4.35 2.9
1 8.1 714,79 113.42 706.69 6.73 2.8
i 3.2 117.53 115.96 714,33 1.63 9.0
204 1.5 720.88 719.13 113.36 5.71 3.5
208 6.25 720.86 718.99 713.93 5.06 1.0
1 X
? t

KOTES: * - ¥ell cap could not be opened because of rust.
$x - Reading taken inside of well head.

AROBOSS7



MILLCREEK TABLE 2: SGEPLIT.WK1

SAMPLE SPLIT RESULTS (ug/l)

i SAMPLE | i TOTAL '
yLOCATION | 1,2-DCA | TCA i1 1,2-DCA | TCA H
R e - - mm—m oo e R :
15G-03 | 0.8 ! 0.009 !! 21 0.02 !
1 5G-06 i 13 | 0.008 || 14 | 0.1 |
1 5G-12 ' 12 ) 0.02 || 14 | 0.1 |
15G-19 ! 20!  0.03 !! 24 ! 0.2 !
15G-22 | 51 0.005 ! 6!  0.04 !
1 5G-37 | 4 | 0.005 |} 5 | 0.04 |
15G-43 | 47 0.008 ! 41  0.03 !

NOTE: Total concentrations calculated as if analysis
performed on site (e.g. determined from one peak).

L
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HILLCRRER

SANPLE #

.......................................................................................

DATR

12/14/87 12:24
12/14/87 11:23 as
12/14/87 2:44 pa
12/14/87 12:48 pa
12/14/87
12/14/87
12/15/87 8
12/15/87 8
12/15/87 §
12714781 3t
12/14/87 ¢
12/14/87 &
12/14/87 5
12/15/87 1:00 pm
12716787 12:11 pa
12/16/87 10:15 am
12/15/87 9:02 an
12/15/87 10:15 a»
12/15/87 9:56 an
12/15/81

12/14/87 §:42 ma
12/15/87 10:43 a»
12/15/87 11:34 an
12/15/87 4:58 pa
12/15/87 3:55 o
12/16/87 9:25 am
12/16/87 2:10 m»
12716787 10:15 an
12/16/87 10:15 an

C12/16/87 §:45 an

12/16/87 10:45 an
12/16/87 11:59 an
12/16/87 2:35 pa
12/16/87 11:42 an
12/15/87 &:15 o
12/15/87 4:27 pa
12/15/81 3:41 pa
12/15/87 4:47
12/15/87 2
12/15/87 3
12/15/87 1:
12/15/87 3
12/15/81 1
12/16/87 1
12/16/81

TISE  DEPTE (ft)

W SN P Cal Wi CF3 QN G BN SN QI B G

Cad m € M e

Y O e O

TABLE 3

SOIL GAS SURVEY RESOLYS
DECEMBER 14 - 15, 1987

AIR TEMP.

LOGATION (B}
Between MW I1TASB and MW 18A48 35
East of HW {7 A&B 35
West of MW 16 A&B 35
Northwest of MW 14 35
Between TP 12 and TP 14 35
Nest of MW 20 A4B 35
SE portion of site, Xof MN 4 &)
South of M¥ 154 4
Southwest of ¥¥ 1 3
(enter of site, ¥¥ of TP 1§ 35
Northeast of ¥¥ 20 A4B 35
East of TP 1 35
Center of site 35
{Groundwater level high)
South of H¥ 12 30
South thru parking lot, W side 30
Rorthwest of MK 5 40
.Southwest of ¥¥ 10 35
Southeast of MW 10 35
{Groundwater level high)
N portion of site, 5B of MW {1 3§
Northera portion of site 35
Northern portion of site 35
Bel-Aire Motel South 35
15th 5t. and Harper Dr. 35
SE of Bel-Aire, by Harper Dr. 30
1326 Harper Dr. 30
15th St. ext. @ Marshall's Run 30
17th 5%, ext. @ Marshail's Bun 30
SE corner of parking lot 30
17¢h St & Harper Dr, NE corner 30
t5th @ trailer park, NE cormer 30
Trailer park road 8 turn 30
Behind paint store 30
§ of 12th 5¢. @ Snaptite 35
Near #9 trailer 35
3034 West 12th 0t. 35
Behind Animal Ark Hospital 35
Next to 12th St. Tavern 35
11th and Sill, Appletree dpt. 35
Front of vacant lot 35
11th & Michigan, opp.$1103 35
Between 3142 & 3144 12th 5%, 35
13th & Oregon, NE corner 30
3123 13th St. 30

WEATHER  GRODNDWATER
CONDITIONS  ENCOUNTERED
overcast 1o
overcast jes
overcast no
overcast 1o
overcast ves
overcast o
rain no
light rain 10
windy, rain 1o
overcast no
overcast yes
overcast no
overcast yes
yes
8n0% 1o
810w 78
windy, rain 1o
overcast 1o
windy no
7e8
overcast 10
overcast o
windy, overcast no
vindy 10
vindy o
8now yes
overcast yes
8DOW yes
800V yes
SHOR o
3100 yes
8BOW yes
overcast yes
8hoW yes
windy 1o
windy 20
very windy 1o
windy o
cloudy 10
windy 1o
#indy 1o
windy 1o
o
5n0F 1o
8hOR yes

PAGE 1 OF 27" ..
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MILLCREER THBL 3 PAGE | oz";z""'?/?a;zz[
. ~’}‘,91;{’, L

PROBE  ADAPTER VACUUM GAUGE ORGANICS CONCENTRATIONS (ug/l)

SIMPLR # DATE  TIME DEPIH (ft) NUMBER NOMBER (" Hg) 1,2-DCA 104 1CE
5G-01  12/14/87 12:24pm 3 4 3 { 1 0.01 0.0003
86-02 12/14/87 11: W a1 3 2 4 0.4 0.004  <0.0003
§6-03  12/14/87 L:4d ma 3 1 § 2.5 1 0.04 0.0004
56-04  12/14/87 12:48 pm 3.3 § ¢ 2.5 0.2 0.002 0.01
56-05  12/14/87 L:i0pm 1 b ] § b.4 §.003 0.004
56-06  12/14/87 3:16 pa 3.5 8 7 2 1 0.008 0.0004
56-07  12/15/87 8:36 am 5 2 2 2 0.1 0.0008 0.0007
5G-08-  12/15/87 8:00 am B 1 1 5.5 0.6 0.004 0.006
56-08  12/15/87 9:30 aa ¢ L 4 5 0.2 0.001  0.0008
5G-10  12/14/87 3:28 pa 3 g § 5 0.7 0.006 0.6
5G-11  12/14/87 4:30 pa 5 i1 10 3 0.8 0.007 1
§6-12  12/14/87 &:06pm B 10 9 3 2 0.02 0.002
56-13  12/14/87 5:03 pm { 11 11 3 3 b.02 0.907
66-14  12/15/87 1:00 pa

96-15  12/16/87 12:11 pa 4.5 8 8 5 0.07 0.0006  0.0002
5G-16  12/16/87 10:15 am & 3 .

56-17  12/15/87 9:02 am 6 3 3 Z 0.1 0.0007  0.0002
56-18  12/15/87 10:15 an 5 6 6 § 0.08 0.0006 0.6
56-18  12/15/87 9:56 a» 6 5 $ 3.5 0.2 0.002 0.002
56-20  12/15/87

56-21  12/14/87 9:42 an { { 1 § 0.1 §.001 1
06-22  12/15/87 10:43 an 5 1 1 5 0.03  0.0002 0.0002
96-23  12/15/87 11:34 an § 8 8 3 0.0z 0.000t 0.0005
5G-24  12/15/87 &:53 w4 20 19 3.5 §.02 0.0001 0.0001
56-25  12/15/87 3:55 g 3 16 15 § 0.03  0.0002  «<0.0001
86-26  12/16/87 §:25 am 1 1

86-27  12/16/87 2:10pm 2 10 10 6 0.06  0.0003 0.0002
5G-28  12/16/87 10:15 an

86-29  12/16/87 10:15 am

56-30  12/16/87 9:45 am 2.5 2 2 4 0.01  0.00008 0.02
56-31  12/16/87 10:45 an 4 § § { g.02 0.0001 0.0006
56-32  12/16/87 11:59 an 4 § § b 0.003  0.00002 §.001
§6-33  12/16/87 2:35 pm 1.5 11 11 7 0.06 0.0004 0.01
56-3¢  12/16/87 1:42 @ 3 b b 5 0.05 0.0004  0.0001
56-35  12/15/81 &:1d m ) 17 16 5 1 0.008 0.08
86-36  12/15/87 421 4 18 i1 § 0.08 0.6007 0.0001
86-37  12/15/81 3:41pm 5.5 15 14 b 0.02 0.0002 0.0001
56-38  12/15/87 4:4Tpm 6 19 18 3.5 0.04  0.0004  <0.0001
56-38  12/15/81 2:10pm 12 11 5 ' 4 0.03 0.001
56-40  12/15/87 3:26 pa 5.5 14 13 3 0.2 §.002  <0.000¢
56-41  12/15/87 l:46pm 11 10 b 0.2 0.001 0.0002
5G-42  12/15/87 3:15pa 5.5 13 12 3 0.4 0.003  0.0006
5G-43  12/15/87 L:26pm O 10 9 5 0.02  0.0002  «D.0001
86-44  12/16/87 12:00 pa 4 1 1 5 0.96 0.0005 0.1
56-45  12/16/87 12:20 pm 2 9 9 1 0.08 0.0006 0.0006



MILLCRREX TABLR 4: RESOLTS OF SOIL GAS RESANPLING SGAS2A. WKL

ORGANICS CONCENTRATIONS (ug/1)
Sample ¥ Date Depth (ft) 1,2 DCA 1ICA e 1,1DCE 1,1DCR PCR CH2C12  CHCl3  CCl4

- -—— - ———— cmnen  eecdene eevee==

$6-06  3/24/88
86-09  3/24/88
§6-11  3/24/88
§6-18  3/24/88
§6-19  3/24/88 2.
§6-26  3/24/88
56-35  3/24/88

1 0003 0.003 <0.008 <0.02  0.003  <0.03 <0.0007 <0.00008
3 0.006  0.002 <0.008 <0.02 0.0 <0.03  0.006 <0.00009
!

o o o

2 0.004 0.1 «0.006 «<0.02  0.00 <0.03  0.003 0.0007
0.08 0.1 «<0.006 <0.02  0.04 <0.03  0.01 <0.00008

0.1 0.002 0.004 «<0.006 <0.02 0.002 <0.03 <0.0007 <0.00009
0.8  0.02 «<0.0005 <0.006 <0.02 0.007 2 0.01 <0.00008
0.6 0.0t 0.1 «<0.008 <0.02 0.007  <0.03 <0.0007 <0.00009

€3 DI N S O GO e
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HILLCREER TABLE 5: QUALITY CONTROL RESOLTS 360, ¥IL

........................................................................................................

inalysis Date:

: 12/14/81 ! 12/15/81 : 12/16/87 ;
Parameter: ;| DCA § 104 | MWE § DCA | YA | E | DOA | YA | OB |
--------------- R e B e B e ey
Blank (N2) vo¢0.01 1 <0.0001 } <0.003 | <0.005 | 0.00004 | <0.0001 } <0.0006 }<0.00004 } <0.0001 ;
Afr Sample 1} 0.2 1 0.002 | 0.003 } 0.08  0.0005 | <0.0001; 0.06 | 0.0005 | <0.0001
Blank (systea) | 0.2 | 0.002 | 0.003 | 0.09 [ 0.0006 | 0.0001 % 0.06 | 0.0005 | 0.0001
Air Sample 2 ) 0.08 ) 0.0007 ) 0.004 } 0.07 } 0.0005 } 00001} ---- ) -} o---- |

..........................................................................................................

HOTE: All conceatrations given in ug/l.
Blank (N2): Bitrogen carrier gas
Air Sample 1: Collected at beginning of each day
Air Sample 2: Collected at end of each day

RROBO%962
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EPA REGION 11l
SUPERFUND DOCUMENT MANAGEMENT SYSTEM

DOC ID , |5%Z5

PAGE #__ Ar 0009 oY

IMAGERY COVER SHEET
UNSCANNABLE ITEM

SITE NAME m(‘”(l(/ﬁek Dump

OPERABLE UNIT

ADMINISTRATIVE RECORDS- SECTION i l VOLUME__ L0 O

‘) ®
REPORT OR DOCUMENT TITLE_O0!| @m QJFU{ZS{

DATE OF DOCUMENT 3 - (- §¥

DESCRIPTON OF IMAGERY SDI‘ QpS  Sample. [scadiuns+
Results

NUMBER AND TYPE OF IMAGERY ITEM(S) ?DWM Mu)







DATA SHEETS
DECEMBER 14 - 16, 1987
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Tracer Research Corporation

3855 North Business Center Drive Tucson, Arizona 85705 (6802) 888-8400

April 7, 1988

Dharmarajan R. Iyer
Malcolm Pirnie, Inc.
S. 3515 Abbott Road
Buffalo, New York 14219

Dear Dharma:

Enclosed are the results of the resampling conducted at the
Millcreek Superfund Site on March 24, 1988. The attached table
(Table I) includes data from the December 1987 investigation for
comparison. With few exceptions, corresponding analyses from both
soil gas surveys were within an order of magnitude of each other.
At this site, the inability to accurately relocate points and
complex subsurface material (fill) variations would explain
additinnal discrepancies.

If vou have any questions}'blease call me at (4602 888-9400.
Sincerely,

R. Scott Cherba
Staff Hydrogeologist

ARGO1089



Tracer Research Cerporation

TABLE I. COMPARISON OF ANALYSES FROM TWO
INVESTIGATIONS PERFORMED AT THE MILLCREEK
SUPERFUND SITE, PENNSYLVANIA
SAMPLING DEPTH 1,2-DCA (ng/L) TCA (Rrg/L) TCE (Hg/L)
LOCATION 12/87} 3/88 12/87*f 3/88 12/87*] 3/88 12787 3/88
SGas 3.9° 4 1 0.1 0.00% |0.003 0.000410.003
SGOI 4’ 37 o.2 ©.3 0.001 {0.006 0.000810.002
SG11 = 5’ 0.8 0.2 0.007 10.004 1 O.1
sG18 3’ 3’ 0.08 &4 0.000&£10.08 0.6 Q.1
SG19 &? 2.5’ 0.2 o.1 0.002 (0.002 0.002 {0.004
sG626 NA e’ NA 0.8 NA 0.02 NA <0.0005
SG35 3’ 3’ 1 0.6 0.008 (0.0t 0.08 0.1

* 1,2-DCA and TCA co-eluted on the analytical column used during

the Dec 1987 investigation. Therefore, the concentration reported
faor each compound is an upper and lower limit of the combined
concentrations. The value reported for 1,2-DCA would be the upper
limit and TCA the lower limit for the combined actual concentra-
tions. The sum of the actual 1,2-DCA and TCA concentrations will
be between the two reported values.

ARCOI0S0



7S By pegonag
e .
TEUgEEay oy Fig pasposg g poazFiyeus o 4
asfrad JUSISURE g1 SOuUSE ARt 1
apag o) hig pazfiteuy TEUD TGO

uoijesodyon yodseasay Jased)

AROGI09]

T
2

W DN Y U 1 00 ADD 0
I CE (] 2 2000 S
W3- U I e =100 20010 (]
DR 0 3 -0 [SO0E NP OO0

- 0 30 300 0> ZAED 5
Zn-o bak g 0 g 20 P 200°0> E2/ED LZ
ZO00 "D 20 0 I°n 000> PI/ED BT
0 an-tn =0 0 14 900 0> P2sE0 E

=
2
v

D

ek Em ]
.
par}

T
Q222

000 200 -0 10 BCHI "0 R 2 0 AN0CO>  BIAED W5
EODD0 "0 RIS e Zontn 3000 20 0> E°0 BN00>  PESED K
EODOO 0> J000 70> 200k EO0 0 =000 B0 0 200 1o CAnntN>  PZSED b

CLoBn S sl ¢ B CToBr C LB v 1s8m € 1B ¢ By c1oBmYy  aqEn yypden o e
BLID BTIMY Z10ZW3 304 33l MIL HOO-TYT WIO-ZCT AI0-1°T

HINWATASMMIY ‘33330 1IW/3INGIG WA TIBM




S

LOG BOOK
MARCH 24, 1988

ARBO1092



P N
W.L;;,&..-.&sﬂ&&i: .

w&
. 2© i v B-24-8a

DATE

(‘aintj.v(_loudn;' 57

AR s At o site ) STD; meetr  Haliplon firnce
[T00 goto jwagh ... ___ o

(us intm abty

_ msD.  Sekwp backond; olanle (20 M)
13.05  system. LA=2, Pza0)

e A28 DB5
R=|3 304, dnt |
=1 Bee 00 puiid ol poandid 10!

' 20 . 5018 _ . v Qualt b? LUt

R-q YSe. _deve

Ln

B i/ T 1Y SR Poundid 1o 3'

R . - A 204
___61'(6.1’_Plaﬂ_Pnuﬁd.M,._.ﬂi_@_%w’ dw #yp o
o Sges Lo ad b wowt van famd 7

s spardingloge. o6, loakin of port derided 0000000000000 0000000

.isr00 SG-1 7

A3 SDe Prunded +o5'- Very berd

—— £=2 Tees o fnod

V... R 5’ dut |

20 SG-b
Az 4041, poaundd # 45
p=1 Y oyt

@ s 4

3

JUTU93

AR

L




e —— o v P

DATE

o S6 19 , o .

A S'Hg_ . Spw N ) Pouwndu
08 B Ptundid h 3 g Thvough
- ﬁl.?\;b B0y, , ( Ney Y\
o iéésf_gpmm_u‘_}_b;f'ww [ el
leo  S614 R
. AzS Sl Poiindid_+o4!

P=b , Rer L
F-3 2. i
b 40 lcant land {;u io ﬁu_{f_ggie.

200 Sh -2t
Az S"He

, Puoiud i T'; pulud o >'
B Fee o due fb&ﬁ;bud Hy b




DATA SHEETS
MARCH 24, 1988

| &Eﬁﬁéagﬁ




inl\

eaie yead pajewrisa 4
. £q paxydayy ” pasA{eue j0u VN 0
syead juadlelpe yiim adus1aJ1a3u] I  :suorieiop
JWNM!W[ Aq paskyeuy 1010e] asuodsa. Y
L
o
. Lt
. =)
T
Qo
) -y
boxo-0> | /00 Z | Looo |Sweor | Cog | Cooy Lo | 90005 O J29¢
50009y | 5000 | sor0s | 190 | TO-0 | 900°p |rros | S0 | 9%0> £ | 996
Lovco-p 5 | a0y | €o-py | Coop | Aoop | Coop |00, /0 Goe-0) .5 ¢ big g
L0 0y | £00°05 | Sorpy | S00°0 |g00°0 | L g | ooy /0 | 900> h 949 ¢
. lowop | €oorn> | €00y | Jo-p 70 | Aooto | Zo-py 9 |90 /5 /19¢
koo, | /00 | 005 | Aop /g Lo'0 | Covoy L | 90000> /L 319G
booopoy | Lo oy | So0> | Loo o 70 lo'g | voo> L0 |ooo0y S | _Ss93
A5 oo Do I/ P N7 7rr | AR V ey | 3207
ueaw| 16 ga1e ueaw | /b vale ueaw 1/60 RN ueaw | 1/bn eote | Tuc R atdwes
eaie/b goie/b gaie/b CEITYA 339ys s1y3 10J SJy
eaie ¢ |eaie ¢ |ea1e ¢ | eaae <
eaie Z |eeie Z |eaxe Z | go1e T uorydafur [n
eaie CEIT] 1 [eoxe 1 | eaxe 1 wo1j 3dsuodsau
1/6d 1/6d 1/6m 1/bd *>u0> plepuels
L bra aIS¥RAA w0 D / abey -4~ 2%

NOUWOSHOD HONYISIW ¥30NL

LAVYA AYVNIWITAE

TVILNJAIANOD ANV Qd9.

Aldd

.

Rt e ) - YTt

vy EVEEN RN VIRYY okt




fq poroano
PRI 4q peskieuy e e aaioay  gi  ‘ouorIeion
7 0> | 000y /| 0c0 [ocde Awoo> | ey | 05| 260 [ o7 Tsen
Too> \|To-0> [ome)y | €0 N\ 1A 0 | 3400% [7005 \| P00 | 9mcs | 00g | LET/], ¢0HTT5D
—\ A4 ST/ hICsy C sl g | oy P o
\ To0)y | O00ED \ be 0 | AIShI 00 0) | Oy | Qs | 29j7 | S50c@ Sﬁm%
ooy \| vo'0, | 0o0r> | /0 /10 |65051 |79\ 200707 | 0oocy | os | 109 |5 corigsix
\ ooy | OXT) \ z7g | LB1& /| 97005 | ooor) | 02s L/ S/ | ,Hp29 956
To-o> \| Tooy | ewe) 7’0 \] _s1'9 et | 000> sow-oy | oppey | aas | /77|, #9995
Cooy | a0E) N 470 | d9s9C 900-0> | oovey | 005 | hsni | /1 S@1195
eooy{ | €0y | B> | wp [| 1000 | Cobhi [9meos (| 920> | wes | @[ Tshl | 537795
Qoo | o€ /50 Allkh Jeocoy | Qoey | 0o | Lbhl |, 50195
Coo> | 0D Ll £h |breii) Y goor0y | omey | s | Hinl |, £8.09¢%
T oy \| w0y | wwe) 4 Ch | 995909 | 900705 \| 90, | eapey | @os | ikl | + 53 2iAs”
Co'oy | OPory v\Mw ‘o |-$7€4 /| 900705 | co0ey | Cos | Tt/ |, 6 D595
To'o> ooy | eaoey | £°9 / 590 | €78 | 90005 \| 900 0> | o€y | 2as | A€/ ,S®35595,
/00> | 0ooes /0 | borss £on 0> | ooy | poS| /05/ | X8 shv
L /00> | ocor> A0 | scasu Coog) | oooe> | 5| 95c/ |7k T
S— —A o | (5e/| Na gy
ueaw| 1/6r eale ueaw 1/60 gaie ueauw 1/60 eale ueau /60 eaie m_,_.hm awry | ardwes
eaie/b ©I8/D 7/ X 94 < B0 _ /v jos LU P 7y 199YS S1y1 10] s34
CEI) ¢ |ea1e F07L4/ £ |%® Qb6 b € | eote CLJ7 549 ¢
eale Z |eeae \@MQ&\ Z | ea1e 04s OCC Z | eaae $9000L A uorydafur [n_s
eale 1 |eaae ww® 10¥ 1 [ea1e SRsfpe U | o1 LR D5 wo1y asuodsai
1,/60 /60 o0€ 1/0M o€ 1/6d o0 *3105 piepuels
Foa wa oA T I>xa /1
/ey L e Lo
YNl Ilmlﬁl»mmma %muma
LAVYA AYVNIWITAYEd
NOUWOINOD NONYISIV ¥IOVML va

M - A [T T
TVIINIATANOD GNV nmo‘mm

1 24
I yIo5; W q.




kq parxodayp

eaae sead pajsurise
pasijeue jou

VN

TPA 1 4q peskyeuy syead juasefpe ;uwmuwwwwmwwunmuw mm :suo1183I0N
N A7+ 5|O4c00E ocoo: @ 908 N bewo o | 0sLe s | ¥¢9/ \«m&\ﬂn%
o | Are0[ebT7EI[T@ O] gran-0 | 0902 | W0 \| 0deo -0 |24C4S oS | LET] |t 699552
/69 249 9% — b5 £2¢ 5 | 7/ PSS o
S| brooo| (et Lo L S555L/ Nstoow AT5h1 dis | 999/ \h@@%w%
oo N[ Lravo | 7essE| A0 \hsoo0 | fecdt | EH°0 \| o000 | 6505, Qos | /0F) | 5¢5 h19skx
\MQQQ\Q [/ S204 \ scoo-0 | 97751 \ Ceoop | LT/LY oas | /s , 58395
om\o/ 0507 0 | shLsg |SP O \| Scp0-0 | S$Hh7 | €99°0 \| broog | TCLLE s | V<1 |.r@)9s5
/| S20r-0 | L29511 N o | 970 ge00°0 | 495 005 | hohl {53 1195
oo | @ioo [ eI 10 { | 7170 |1 C5LT hovo (| 90900 | €ELAS WS |Ishl |,5@195
ove o | 574 4L /o0 [Cdetls 09009 | /11121 QoS |Lhil |,5 @195
A 9h0°0 |S5L9bs9 AR herlas /| £w0 |LECEl9 @S | b/hl | 2295
9o //wmod AS9SShhl /0 A0 \;mmw\a..ﬂ do’0 /4000 | 905009 cos | Akl €@ 009¢
/| bs0c-0 |4l /| 0 |B5454 $r00p |55 aas | vess |, 525295
oo.o/ swog | Llsn| /70 ZrQ |Tessbh| /09 / Zro°g | €ores aos | X/E1 | P3¢ 967
So-p | L0080 Covo 0> | ooor > zov'g | borsg e .@. logs | W& sh»
e 500 | LIS | —— COow-0> | 000P> doo-g | ScL5r/ Pes| 956/ |gotlrs v
Gas | (ser | we gy
ueaw| 1/6r eaile ueauw 1/6d gaae ueauw ﬂ\mm eare ueau A\mm\‘ goie mam w1 ardwes
mmhm\m\\)Q\ Y /< S wo‘_m\mw\lﬂ\k [/ aoum\mm\uQ\x 429 ea1e/b . 199UsS STyl 10J S4y
eale %%F \\Nn < eale Aﬁm&\%\v N.\u ¢ | eo1e \JPWMPM ¢ eaile [4
eale JioS i ¢ |eo1e _S®€00Y, Z | eo1e _STELIS Z | 8a1e Z | uotridalut g
eaie LLpOlL9 1 |eeae [9789hs 1 [ eaae _S/H59s 1 | Baae T wo1j asuodsait
1/6r s 1/0A o/ 1/br < 1/bd *5u6> paepuels
¥ 2d F2u 2l /% S0 =21y sid
=P Ly A2l - -
g1 abed A@,} p- £ 910

NOLLYNOSWOD HONVIS IV ¥3OVNL

LAVYA AYVNIWITANd

TVILNAATINOD ANV QdDa

Ay s) - S._\Qb\@x\
A138d

b yaosp 00 T



fa poraoud oau0 yeod powrice 3
TFFE 1 kq peskteuy syead juadefpe ;uw“uwwwmwwwwwwmw mw :suotielop
/| 58.@ xbe> &h%odv ewe y /| Loo> | Oowey | ogos | TL9)/ \m\mﬁw‘n%
bo%00:05\| booo0, [ QLOE5 | 9270 \|000-0 | O0L/ | €005 \] €005 | 90C) | Qg5 | LET] |, <3 éagsed
£105hs 94edbr ekl s VA7 Pl o
\ beawo 0y | Q00T N 470> | Qo) co0y (Ower | NS\ 907/ %N@mb%w%
Ewoo .3/ bawo 0> | QODC S Es.avvru@o.@ Qa0r> £0-0 / Soo> | M |0os \Qw\ Ssco 195 gy
Looo 0> | 000> Looo-05 | UXE sooy | Qpaey |09s | LIS/ |, A@395
bx020:95 \| povoo -0y | Q00ES Ea.S/ Lovo-oy | QOOry | So-0> / Sorod |es0e> | 0Qs |/ &l |.40 296
290000 | LlAC/ )| 4009 LLHS /| coro> |oawes | qos Lonl |, 53/195
oo gl |bomw o>l oave » | Sov-o (| Loaro>| 000e) |sor0> (| €ov0> | 9wty | aas [ishi | ~@iloc
\[6%ve-0>| 0002 > Scooo | L6 Sooy |9O0ey | Qas [LAhl | %@ 1105
boooo 19y | Qoop > ) \ $10°0 |§.65s¢ /] goc05 | Qowe) | Oas o/ht | ,c@ 594
&ao0> \| boooo * 0 Qooe> | 700 ro o MN.“WNM 00> foroy |QOogy | @S hiht | S@ 89
beovo-py | 200> /] tecero> | eROE) \ coro) | awey | 0os | €51 | 52595
bowzo> \ | boooo-0y| Qaoey |Lovwsor / Losg 0y | Qoe> (8or 0> €00y | ey | eas | 24/ | SD5¢9¢
_sarpo-0,[000 <> 2000 | QO 0/ |——— 90 |havtr| @S| 705/ | i sov
| Sawos | o> | —— Cosp | P45 40 | 4chls| agg| 9581 | 5ols
I Qs | 15T/ |9 Gy
uveaw| 1/6d eale ueauw 1/6d eaie ueaw 1/6d eale ueaw 1/6d CEIT mnm awtl | atdues
va1e/b eaie/b O/ X Ls'® ea1e/b w\-Q\L\ 9L/ “ea1e/b 0 x sc-L 393ys sty3j 10J sS4y
eaje ¢ (eaie _S/LsSh ¢ | eade 5 0000b ¢ ¢ | eaie el 9k 4
gaie Z [esae \M.h\me\w\w Z | ea1e (3l le Z | eaie ol el Fa uoridafur [ng
eale 1 [ea1e \%%QNM 1 | 89ae (92CLE T | esde /Al el 1 wo1j asuodsau
1/6d 1/60 © 1/6d 0/ 1/6d o0¢ *3u0> piepueis
4122 £(2H 2 Tl M 2
XY o/ Ted
p— N abeyd R8-he-¢ e

NOILLYWOLNOD HONYISIW ¥3DVNL

LIVIA AYVNIWITANd

TVILINIAIANOD ANV giD

dd

A3 S ~ .\S\QN\&S

B 313095 1T ‘




£ eaie jead palewilsa 1
q paydayjy “ pask1eue jou N 0
m&mo& Ucwumﬂﬂw :Hﬁ: UU:U&QMHQUG% I :SuUoTIBION
2L A paskteuy 1030ej 3suodsal A4
‘ e ]
o
oD
Lo
(e
o
S5h65 | 2oc S0t doksol | 5 | b/L/ Vs
] 100> | O00E> ~0 | 4995 €oo-0y | Ooor)y | W7 | Lotl | 7% v
\ ©o-0> | wrEy \ /g wiwwww\,\. \ 90005 | W20y | 095 | i/ |.0@Fcas
ooy \| coop| Woe, | X270 \| ©470 | Xopogy | 9% o> \| 9000, | Qe | Qs | Lsgy | €T 7695
ueaw| 1/6r CEET ueaw | 1/6r CE) ueaw /60 gale usaw | {,/0M eote | Tur | awr| ardues
eaie/B eaie/b eaie/D 51e/5 3193ys sIYyl 10J sS4y
eale ¢ |eaie ¢ | eale ¢ | eaie <
CESE) Z |e21e Z | ea1e Z | Baie Z | uoridafur (n
eaie 1 [e21e 1 [@oae 1 | eaie T woi} asuodsal
1,6 1/6d 1/00 1/ *JU0> plepuels
E0d s &I T2 /7
e abey Li-7,6~¢ @180

NOLLWOGNOD HONYIEIV ¥3OWVL

LAVIA AYVNIWITIId

AU ]~ vjosgr iy

TVIINIAIANOD ANV Qa3

\Jdd

Ry



fa porouo wose yead prowizse g
T @ i S I T
\ =
&
@
ce
L«
AT S b/, StbhHLE S | L) A6
—— Toe -0 |0A579 ] Heesies| WO | foo0 | 2£995 Qoo/| LOL/ | got—i o
\Q%s /bOsp \r%e.é Ocvey \ 400 \ChHE/ 07 Qas | ®oz/ |, c@7c95
tos'o\[osoo -0 | Lgsdy, 1m§.3/:m08$v Q0or> m@.%/ Xro: 0 | L9405/ QS | Lsg/ |, CRIIS
uveaw| 1/6r gale ueaw 1,61 gaie ueau 1/6r ease ueauw A\mmw> Bd1e mam awr1 | arduwes
eaie/b eale/b woie/b eaie 199ys Stya 10J sS4y
eaie ¢ |eaie < | ea1e ¢ | eaae <
Baie Z |ea1e Z | eo1e Z | 8aie Z | uoridafut [n
eaie 1 [eale 1 [e2ae T [ eaie 1 wo1j asuodsau
1/6r 1/6n 1/6d 1/bd “3u0> piepueis
3 2d Yo L 2L 7%

PALVWOSNOD NONYISIV ¥I3DOVUL

S S '

LAVIA AAVNIWITAHd

g7 abed

SX-hT-€ 2180

QAT Y B s LAV R I RNV A
TVILNIALANOD GNV 5? ’




eaie jyead palewrls? q
siaead juadelpe yigm 2dua1aj1aul I  :suorieloy
7=h | #q pasreuy 1030e) asuodsar gy
; o
L
<o
o
-
L 4
954 0% co8Ce —t onig) | s | Lieg ‘ |7
Swo-g | Libh _so0-0 | 09T zoo> | WOy | Cay Lol | oo
/| 00| o) /|-$4e0p | @54/ /A Bshb | QS| Zosy |8D 9698
50002 \| baeoro, | Q0 | 7979 \| OCog | L5 c 6y |L&shel | QeS| Ls9/|, 89795
ueaw eale ueaw | 1/br gale usaw 1/6M eale ueaw | 1/bn vo1e mnm w1y | ardwes
ea1e/b €a18/D CESCYAT CEXCYA 199ys s1y3 10J sS4y
CERG) gaie ¢ | gade < | eaie 3
eale eaie Z | €918 Z | @218 Z | uoridafur n
eaie CERT 1 [ e31e 1 | esae 1 wo1j asuodsai
1/ 1/6A 1/b6d 1/b6d *JuU0> paepuels
¥, €/ 24> =20 Yo
oA abed ww\ mmoxm ajeq

NOLLYWOLNOD NONVYISIV ¥IOVML

JAVEA AYVNIWITAYEd

TVILNIAIANOD ANV ddda

U“ SL.HL.I §~QU\W§
Jud

LA \\:%mz_b EEAZZ



CHROMATOGRAMS
MARCH 24, 1988

ARBO1103



S RyFP

e T p

Column _ S o Oetector _ =<5
Length j Voltage ______
Dia. v T Sensit. _______
Liquid Phase ) Flow Rates, mi/min ___
We 2o Hydrogen LFAir 2.4
Support Szavange
Mesh P&7/sz Sptiv
Carrier Gas 22 Temperaturcs, 9C 25
Rotameter ______ Bet. 259 jn.3so
- Inlet Press ____ psig Column Initial 575~ _
Rate _2 S mi/min Fimal ___Z5o
- CHART SPEED -z Rate
SAMPLE ——— Solvent
Size Conen, o
Operstor _ 72, pare IS
- i e —_— T 7
F73 & 70 g & CHH/CR 2 Don an Jp
Y Ted - 5= CHc /3 -
7TE = Py I Yo
PCE: S CC/,_/ = &
7 0c€ 2 Ros
/) DeRd = Reoo
Yx peARev
AHT 15 AMT SLALE FRLTOR
: IMJECT BE/24/828 19130138
- 4
R -t
1. 72 W e .
iy = P P = La
GIA245°88 18128139 ek o P
MILL CFR SRS
TLE 4 METHOD &, RUM 4 IMbEx 1
HHALYST: T
= s r: -:
PEAKS ARERAX RT ARER BL AROOCI 04
1 1 G B, 42 SEZFY @1 \



DRl
1
L]

P

)

LT

(A%}

i

_......
e

g ey e

E 5 R

£ 1 o
U T
Y

e Y ]
Py G
el ) el

n " L]
1 e

iy

] )

W

X%
lod
hon
Lid

L
(a1

[
w

oy

w4

P
Ry

o
I
T

[t

e e
] L
| T
L1] ..“mn
_uw“_ fooue]
L
(k]
D]
"
o R4
™)
N
1
D
o ]
ol
,
L4
Py

Y ]
(]

wd LAY

oot Soionr}

) .
A%

[
xl

L

o

D]
]

]

L]
[
D]
-

"

%.
P

L]
)

ho

RUH

AN ]
el

[
X
Lo
144

i

b

-
=

1"
it
by
1Ty

Dia)

DY)
o

D}

s
Lt
T

ol

s

ey

AROO{ g5

N
()
e
(%A )

]




]

I

TH

=

Lk

i

vy

DTS |

1) L1
Y

L] L] " L]
L0 e
T

R

[
—...--
k-2 ]
e
L
LS|
-

e
[

ed
Vot

144

-

“EHE

e
Ll
Dt

-4

oy
1

)

1.8z

Jron

(XA

il Ll
AmRsHe

'
Ul
oo
Lok

=]

wnd
[

fom

AROOI Qs



=
2 oA
S

5H LR DA
<pd

AROOI gy

_x..._
16 1Ty
g
]
& L a
_ , ) bt
i) ™1
- 0 DO O L Ay el Ly e
. wn 20 N A R AN e [Xx] Dca oy
i P | i
1w D el £y [ R R U N [ ) Dyl R
m ex] " P (AN um (1] ] Ll
; ] e s (W [ 4 , e
e - i 1 D ] o o
Al [y B Ko B O T -
«I - L) I | Lo o
[ o N
v 1 16 ]
X e Lo I A | o, ) e
I , 13 * mo om N omow | (4 (] " ! [0 " o
, M DI RS I | , " (o | P " ARG
. ” ) , 15 5
i
113 ] . - .
0] ,.H. “.. .u_ "H"
¥ X Vol W P 0 o 1 P41
A il - D P e I - i i
= “ | 1 0 P ] : [0 I VY S R VI
! o A | oL .
. P LA B sy




=
facd

R
Li=

3 243 5. 41 (5
= =y g9, 53 21
g .4 EE IR
=) 21 .21 =813
o il 1. 53 Z28E &
108, =EZiTE
IHJECT @IZ/7247°88 411127137
il
HZ 4
= 53
K T
}.s e

E 4. METHOD  @. RUN 1z
T BOLE
RRERAX RT ARER EC
1 2. 36 . 4378
z 4. 78 &. 2265
K 455 1. 11575
4 435 1,22 168383

|

i L B o KR R Xonr 35 K ]
BZ24°88 141559043
& .
ll l'—l
XS H e - - Y R N e DR

L/

2
e, 1 Wwa -

CH= "A*  PE= L.



(W]
1
o
e
iy}
e n}
i
Y
el
ey}
]
)
x|
I
W]
o
D}

1 2. 452 8. 41 33 &1
2 2. 597 .53 28 az
z 2. 495 H. 72 267 83 g
3 S.833 1,82 52 M9 Bl
3 26, 718 1.21 &% ©
TOTAL 1G5, 172524 >
INJECT 83/04-35 11:3i:44

AZ 4

3T

1.5

o i s s 3Ty sl e 3T H fac g g 3
i =l N e In] Pt T 1.

A X
"M
i
4t
-
x|
I
o ]
e
Al
-]
o (1
e
L

(]
(]
D]

1 12, BE3 &, 42 2751 @i A gt
2 57, 331 8,97 26238 81 ¥k TE
F(.l}
TTH 189, 22951

C BI/24538 1113488

el
s § &
i.24
K i
_ - ...E... S8
Z. 55
MILL LR G3/24/88 11334108 CH= *A* PE= 4,

FILE 1. METHOD A&, EUH 15 INDE® 453

i

o

3

]

5 i
L

]

o |

]

]

x| M
]

0 puxd
D

i H, 2 #, 44 44585 51
=3 22,3 H, 72 422285 88
& Z8. 8 1.7 I3R1ETF B2 )



| o ~
= E a

J_ (el _H_n w“...._ o I o
ORI =

"o " L)

xal B Al e

ARGOI | g

[
L T
wd =
LYW 1
[} P

i KA
R B = K

P [ R =
L1 [T '

)
Py o L. 15 s [Xa] e
“n [ (] FAX] " LX) [0 Dy M Y|
Ty i -, b " T
U M o -y K i} U L RO I
" 1 Ll Pyt L] ol e Ll R
= 1 o L ",
o] D R ] ]

"teee D] e 1]

PO

=

DR I o T ol g T O I

e U N S R O 4 SRRy ] | o W kA

[ " L L [t “ m owoom

" Dot DTS I I I " 150 50 5 )
[ [ax]

[ "H g “...w _m
H 3k I Ty P 19 B . T
ol S weed e AN U S O o [P o
-t . TR N e VRN R ) - . 1

SR =

N L L L " Pl e
DD IS Iy I B Iy [ex] [
oy e AT 1" 15

i

w0 s

] gl LD e ) o o




3 3. 55 )
TOTHL 1408, E

- ‘e o s e =
H IMIECT 827247588 44:45:158
-
B i l
—— ) =1
— EEE S

B bl 1. 38
8 TE S =~ - & = - = o T = 5
AILL LR BES24°88 13048135 CH= "RT PI= 4
Fl is IHRBER 4%

FEAK# AREAX RT AREA EC
i #, SEd SE34 81
2 @, 547 SE@E B2
= 14. 53 127151 83
4 31, 455 272861 B2
5 3. 782 24862 82 W
5 42. 283 378936 B3 Y

o
[}
e
b X
(e
(=
D]
(]
L]

[
iy
(e}
[N ]
g
N ]

b

]
i
[
:xl
=
b
i1
D}
e
[
ol
P
e
0:15
(W]
i
[N
[R]
[
(]
[

METHOD A, EUH 13 IMDEX 13

I3
oy
i~
W
-
)
[
[}
e
m

(]
I}
s ]
e
]
T
]
e
]
o ]
“Iﬁ
I
i
Dy}

I
1 a. . 41 Si88 81

2 =, 9. 63 5285 8z

K 11, G.72 121832 83

4 27, 35 1,83  2E7781 82

5 3,23 1.23 395835 a2

= 43, B2 1.33 442831 62 Clz
7 T.ELT 1.67  FIIzd 83 cto

5 CEly

‘l
[}
-
bt
et
[
[
D]
L]
[
[en]
1%
L
I
[ |
[ ]

.
T
7]
-

T
(2]
F
L

[}
e
[
bod
P
e
-:;:?
Dix}

T AROO |y

S



oy

1)
|

"
LA}

(]

]
]

[ I
R i d

L) -
U8 BN

e
Dx]
4]

(%]

o

B

-l

i)

13

!

ARCO|




DO R I T

b

R
I8

T b,

) et L
L] L

g
_—s
L]

P
i

i,

L
ol
»

&, RUM 22
- — s =
=T ARET

(RN
-

e
4%
L]

bod o i 5
"

-
eohit

D
fin 0Ty
% T
D

NI O DU )

LRSS W OV )

jat 8 P TR A LA KW

iz:d

<
)

=

=

(AT WU SR

o

,Mn
OO RH]
L] L ] L]

2,42

A
"
)

b
Ty

e o
.1

}

Led L i

Fo B

) I I O N N 08 pux]
N R RN | ,.::l

|:f:. D

.

R R i U

(Y]

=
H

[
[¥]
LN]
o
Wt
n

.53
32 1Z:aiiEY oH= "H® FE= 4.

Lo
D]

N1

WO T ORI 5
Lo B e P
e

[
ol
[
DOV
D]
(]

2 P o
T
g =




. h
[

W}

L
(AR}
e
Lo

5@

U”;’

D N e

DI IO ]

L] L] N L] L]
DU B W |
|

K

Ty
g

v

L.

[t I e B o DR R ()
ool Y I U i

_mm R e aL =] _.“

ol
[ |
L )




S [ T AT AN, £ “ii= = =
11t R HES24588 41441485 CH= g o= i,
Pt Sl K P LI T = i in L Ty TLITICS = T
FILE 4. METHOLD 8, Bl 28 IHOEH 25
i BODE
- - —m e
ARERE 27 ARER EBLC

K3 == ~ g =

i Fo. 475 [

- 4 memm -

= 1. 857 b,

= H, 954 i,

i 54T F 4

1 H, 437 s

= F ST 4

=t feii ¥ L= p

= i I E = :

e fx 5 i. @17

el el B Y >

y Be 212 = 6(7‘3 4;0#'(0
TP T T RS T 2%,
PR PR LHH, FEISTE

:
o
e

i
™
o}
=]
o
ot
T
D]
]
(%}
[
(X
[
i
[
I L
(1]
A |
i

iu “:“:j

l:
oy
oy

FILE 4. AETHOD &, Rl 27¥ IMDEx 27

(X
L
£y
e ]
o
I
v |
Deu
D]

2 TF T § 3

Eoe A ] : -

T £ ]
x gl i,

L]
ANOVN ()

[ Y I SO

[ O
%

Xy
DOR =

/

@s_ |
AROGI )15 U 9”’“/

ey L e ed L) b

G0 ) U

"
wh

Lo ) ot Jootse oot 4700 0
L]
[ IO I R B TN )
(g

e Lo .



H

s
=

oy
L .

et -

!

0Ty x X

Ly [ -

AROO1TI

-y

- L
[ =

. e foed
el

o

K]

wef e 157

[xx] "

ok
lad
[
(A

P [

(TR Al W
OO A s
¥y =
[

b
10N

[y ]

D]

- (%Y}

I o B R LT B e
DAY S S L ] S

w0 e T ] D foe)

" L} L] L] L " L] .
P RIS R R TR s Y e
[ 5

LA Rl

e ~ " '
O - o
£ 2] L L

S el e O e ] = - O
T e R T = = T R R

P e i (L O I T s
ot (RN} [} s = ] ] et Lt
0o foe ) ot Bow Y SR




o]

CHT . L)

U P

DTN OV

oo L

=
=

vl

i

e
Fox3

o
ot

L]
[
u

METHOD

L]
AN W

)
W L

0T L

"
Iood £y L, A )

) Ty CE o Led ol ot
"

By S P
L]

LI Bad s Bl &
i

o] e

(e}
o]
T
-
(=3
(]
[ex]
L]

I;'-:El
R

g
aotss

DO IO I R N o N =

Lo o folt fn pod 5y 01
"

]
L
o ]
m
s

]

"

DOy

[ |

¥y 4Ty

U o A 0

DR N TN O Y

R O R
[ ]

ny
(A

o AT A P

b
b

DR
iy

[0V

(N

)

wod e d WL 00 Fod o

e
el

Fo Ll B3 F) L T

gee apeee . “
A A I Rl

[
L]

IMDER

L]
3

-

=
-
(a3

-
oy

o

[y}

-

(4

(R[]
wn

ii

.0
Ja.

e

o

bl
1}

"I

ARQGOL4 I



s S Tl T

-

)

[y

.

]
X

..“.x_

[N

Py
L.

[

Cad 1) e v ]

e I RO N x|

O e W
1._ P ..\.._ _._z_

C BRI e B i T

i

Dy
phtn
et

o

-
LA

l*-L

]

Let
ek
I
L.



1 47,113
2 S1. 892
z . 474
4 . 578
5 B, 743

I\.. 4
[

o
Yoorby'
L]

[

7 L

=T
R‘X
=i

.
elte
" L]

oo [l 0 e

xx
0y P g

Bl e poiv 057
L ]

AREHR

X 2 IHJECT 83724738 15:86:38
! A7 4
e —— i
xii.': = F
.}-l :::;
1. 83
gt
s
MILL R BES24°88 18185130 CH= g% Pg= 4,
FILE 4, METHOD 9, ELHH  Z4 IMBEY =4

(]
DA
"

mT

. 42
;'3 = . :E:
1.23

i.

)

Z. 24

o
e n]
()]
]

b
DR
O]

P b b o3 Ty

o

R A Y |
bt 051 Fu Ty

o

O s VW)

D R LT CR

i)
[x)

2254283

DX ]
D]

D I A AN N |
(SO R

CHAMHEL A INJECT 832724788 158112148
1 =
! AZ 1
e . = =
== x ;"_‘_::
i AP S R —
e B T
o
1. =23
el
Z. 688
BIA24/88 de:1i2048 CH= *g® PZ= 4,
¥ . - Tt -
&, FHM 35 IHDEY 3o
AHALYST: T BROBII IS
Pt Y N s - T e -, -



L] " "
IV I B AT ]

=] L0
R

R B BT X

L] ”n L] "
DI IS B
(&} 1

H UL N

LA

]

[

[

[
1™

SR

o

DO

(%

O i M R U |

DO o TRl iy |

= L e 5

R T T T T )

DO NCORS JES IS

DR IR T e e e
DO B OGS A I o
b LY R T Y IR

R S T T R
CE R sk ) Oy

w1 K

R I I o ol T LA

il

’~ii:§-§

T
i

DOx]
A |

wn
[ex(]

£l

[Xu]
D]
“n
LN
)

g

=

]

'H

i

"

2]

METHOD

Lt

el

i |
La.

L]

(8]

o
XX
Vi
L

(X

¥y
LN T
an—..

n " " a
o] ef g
T

AT T o

L]
Pr
X}

0

AROG! |2

=
[ I




Lt
o

Lores
L]

T
L
A
"

-
(N

e L) med

R N O cr

" L] ”

LA NR I |
,

11 w4 W
foo e 00

g

N
D T
.J.._

i.
KA
k]

o —

P

.

1
P

o]

sese

_...!
[

D

i Y R R

DOCH S Rk ey
T U S
] g

i
4
i

.31
Z

il

D A K ] ..t“ ......_m

e O R B ol (]

Db

(K

byl

b
(]

()

XN
"3-.—

i

P}
P
Ll

[N

ot
L.

AROGI12]

_i:.
X




J

i} o]
i o

1.
@V@b &

=
(Y
.{

3t
i:

i

i

A

i

£ ¥y A

D s N I (R DR T e I R Es ..
: AR AR wht [¥x] CRL SN OB R “e
) [

o

R ey DA I

11 s fxt ] i
R -l Dy L] ko o}

» o v L " A
£ T, [

Y]

o L .
L] » L] L] L] -:...-
" DA I | XY o
v i
[ 1.
£ e Poin ]
[ L1) L foe ]
LN ROl e ] " o N
ol e ol - =
1Y I O et Lt
[} [ "R TR Y » £l K
[ (XY} S Dica [
funl (x4 U ’
D e
_ ......
PO
- ] ]

R R (M v

wd L1d . . |
o o ol o
(=] (] gt et
L. e o L.

¥ ]



T ol S e ¥ o
Y HEEH 2L

s &, 4z B3 82

1,3 4. 51 32 @2

&, 5 1.8z 1iae /
1.3 1, 22 £2 &3 é@g-’/
y 3. 61 33 a1

9@3 5@

S
[y
DO

l:l (]
[
[

- fos iVigZrgd

AT ®T= 4. 42

BES24°88 178284 CH= "RT PE= 4.
&, 43 INDEH 43

A
-
]
i)
M
]
D)
D]

o~
—
"

L]
L OV AN [ 8

)

t k)
L]

L
(=

OO Y O Sl OV

DO D S R (8

L)

5
L)

S p b

fite

Ty o ed 3

Do DR [ SR RS o)

L e 00 e 0O

(SN N

bay

o
et

fote

(D]
(I

AROOI 123



FILE i. METHOD 4. 44 THDEX 44
IALYET: T BQIE
FERK#S ARERAY RT GRER B
1 34, 723
= o mRT
= e 07
3 G, 415
4 &, 381 a 2, Mg
z I 4 gl 5
- il , A
& 3. 324 4 .
2
S - A? ~ €
TOTAL 188, 29
o
z U
.21
1,85
MILL CR ‘ SIS24S85 1T:42:124 CH= "g* PS= 4.

“Ti
(=
-
L
[
"
Im

4
L
=

v ]
ey
Jou
.l}

[

=

M

o

L.

0
T
r
I__I:l

!
]
D]
3
M

FERK# AREAH RT ER EL
1 B. 227 G, 41 5 8l
= B, 726 f. 62 5 Az
£} 21,733 8. 72 TR
4 5. 577 1,81 5 8E
5 13, 978 1,31 5
5 21. 246 1,86 413115
7 1. 228 2,55 24213
= 35, 217 .53 35712 l{on/ Eu
158, 1975488 fA{Q Cﬁ[
CHANHEL A IHIECT  83°24/88 17:47124
AZ 4
—L_
E E== ="
P ey s 1= .-E'-;
3 '2-T- % L-:i-.i —
— == j.n S
MILL CR GI/24°85 4714721 CH= YR FE= 4.
FILE 1. METHOD 4. 18 mwoex 4 AROOT 124




K
==
=

I

. I T i iag 3 F T LITIITNS AT
A ’.‘gx i_‘:f §_§ ;“'g =7 i 2'% .L;:::“': "; £

x|
-l
y
Al
i
o i
(g
[

i &, 41 51
2 F. 55 ag
z 1,81 a5 ,/7&&
- T et ‘et
ITEL 1@8a, To4242 ’

[T}
i
i
Yot
i
el
¥
[P
i
g
..:’;
o
s
b |
Pra
[
Joie
LY

[RA]
Lod
X
+
o
i)

3 17i21:19 CH= "A" PS

“*|

METHOD @&, RUM 48 IMDER 483
E

o
o]
L]
o}
o]

ARERY ET ARER BLC

L]
S
[y

-] l:n“l
O

»
oy

ft

o

Jo 051

-
v
boEr

DA A AT A
Bood P20 P00 o ot

ot it 130 1250 |§lj
1
[

ol ST R
[
k

< RE w1
4758

I
)
lresy!



wf o) e )
oo gt AL T (50 )
se.m s.;.m |

s

AR0OO1 26






Tracer Research Corporation

DRAFT

SHALLOW SOIL GAS INVESTIGATION
AT A SITE IN
MILLCREEK, PENNSYLVANIA

DECEMBER, 1987

PREPARED FOR:

MALCOLM PIRNIE, INC. SUBMITTED BY: -
S. 3515 Abbot Road / o
Buffalo, Ney York 14219

4 I'4

Tracer Research Corparation

ARGOI 128




Tracer Research Corporation

TABLE OF CONTENTS

INTRDDUCTIONII...I.Il.'.lll.lllll.'l..lll.llllllll'. lllll - 1
BACKGROUND ON THE METHODOLOGY cs s et evevevecsaasasnssnnescae O

SAMPLLING AND ANALYTIC PROCEDURES.. .. csecieccncesnvecnocnses &4

QGUALITY ASSURANCE/QUALITY CONTROL PROCEDURES .....ccccuen. 6
RESULTSI.I.II-I....I.I. ...... * » & » ¥ & 5 & P S s B P AW e S EE s s “.-.-8

CDNCLUSIONS..IlIll.l'l.'l...l.lllIlll'.ll.!l..ll'!ll.ll.. 11

APPENDIX A

CONDENSED DATA. . cceecescessncass ceocesasserne Cesceecsseca i2

ARGOI |29




Tracer Research Corporation

INTRODUCTION

A6 shallow so0il gas survey was conducted by Tracer Research

Corporation at a site in Millcreek, Pennsylvania. The
investigation was conducted December 14, 13 and 16, 1987 under
contract to Malcolm Pirnie, Inc. The main purpose was to
delineate the subsurface distribution of wvolatile aorganic
compounds.

For this survey, soil gas samples were taken and analyzed in
the field. The following compounds were investigated:y

1.2-Dichlaroethane (1,2-DCA)
1,1s1-Trichloroethane (TCA)
Trichloroethene (TCE)

1,2~-DCA and TCA co-eluted on the analytical column used in the
field by Tracer Research Corparatian. Therefore, the
concentration reported for each compound is an upper and lower
limit of the combined concentrations. The value reported for 1,2-
DCA would be the upper limit and TCA the lower 1limit for the
combined actual concentrations. Therefore, the sum of the actual
1,2-DCA and TCA caoncentrations will be between the two reported
values. This analytical 1limitation was considered acceptable
because the previous information indicated that 1.,2-DCA was
present in very high concentrations as compared to TCA.
Subsgeuent analysis of samples splits analyzed by Tracer Research
Caorporation in the Tucson lab confirmed the presence of both 1,2-
DCA and TCA.

l,1-dichloroethene, total (cis and trans) 1,2-
dichlorocethene and l,i-dichloroethane were not detected at the
Millcreek site during the on-site analyses. THe detection limit
for the above compounds was approximately 0.01 Hg/L. Chloroethane
and vinyl chloride could not be measured during the field

analyses.
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Tracer Research Corporation

BACKGROUND ON THE METHODOLOGY

The presence of volatile organic chemicals (VOCs) in shallow

soil gas indicates the observed compounds may either be in the
vadose zone near the probe or in groundwater below the probe. The
soil gas technology is most effective 1in mapping low molecular
weight halogenated solvent chemicals and petroleum hydrocarbons
possessing high vapor pressures and low aqueous solubilities.
These compounds readilyrpartition out of the groundwater and into
the soil gas as a result of their high gas/liquid partitioning
coefficients. Once in the soil gas, VOCs diffuse vertically and
horizontally through the s6il to the ground surface where they
dissipate into the atmosphere. The contamination acts as a
source and the above ground atmosphere acts as a sink, and
typically a concentration Qradient develops between the two. The
concentratian gradient in soil gas between the squrce and ground
surface may be 1locally distorted by hydrologic and geologic
anomalies (e.g. clays, perched water); however, soil gas mapping
generally remains effective because distribution of the
contamination is wusually broader in areal extent than the lacal
geologic barriers and is defined using a large data base. The
preéence of geologic obstructions on a small scale tends to
create anomalies in the s0il gas—groundwater correlation, but
generally does not obscure the broader areal picture of the
contaminant distribution.

The results of a so0il gas survey are generally used as a
small part of an overall contaminant investigation. The most
common use of the data obtained during a so0il gas investigation
iz to more efficiently use conventional monitoring techniques
such as soil borings and monitoring wells. The results commonly
highlight areas that warrant further investigation and locate

areas where, because of the lackvof contaminants detected,

. ARGO | 3
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sampling densities could be decreased. This use of the soil gas

as a preliminary survey technigque eliminates the need for a

"shatgun" approach for the placement of conventional samples. The

over all result is a time and cost savings by eliminating

unneeded samples. The results from a soil gas survey almost never

preclude further, conventional monitoring technigues.
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Tracer Research Corporation

SAMPLING AND ANALYTIC PROCEDURES

Tracer Research Corporation utilized an analytical field van
which was equipped with two gas chraomatographs and twe Spectra
Physics SP4270 computing integrators. In addition, the van has
two built-in gasoline powered generators which provide the
electrical power (110 volts AC) to operate all of the gas
chromatographic instruments and field equipment. A specialized
hydraulic mechanism consisting of two cylinders and a set of jaws
was used to drive and withdraw the sampling probes. Probes
consist of 7-foot lengths of 3/4 inch diaheter steel pipe which
are fitted with detachable drive points. A hydraulic hammer was
used to assist in driving probes past cobbles and through
unusually hard soil.

Soil gas samples were collected by driving a hollow steel
probe to a depth between 1.5 and 6 feet into the ground. Soil gas
samples were not taken when saturated conditions were encountered
at a depth less ‘thah 1.3 feet. The above—ground end of the
sampling probes were fitted with a steel reducer and a length of
polyethylene tubing leading to a vacuum pump. Five to 10 liters
of gas was evacuated with a wvacuum pump. During the soil gas
evacuation, samples were collected by inserting a syringe needle
through a silicone rubber segment in the evacuation line and down
into the steel probe. Ten milliliters of gas were collected for
immediate analysis in the TRC analytical field van. Soil gas was
subsampled (duplicate injections) in volumes ranging from 1 HRL to
2 mL, depending on the VOC concentration at any particular
location.

A gas chromatograph equipped with an electron capture
detector was used for analyses of 1,2-DCA, TCA and PCE. Nitrogen

was used as the carrier gas.
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Detection limits are a function of the injection volume as
well as the detector sensitivity for individual compounds. Thus,
the detection limit varies with the sample size. Generally, the
larger the injection size the greater the sensitivity. However,
peaks for compounds of interest must be kept within the linear
range of the detector. If any compound has a high concentration,
it is necessary to use small injections, and in some cases to
dilute the sample to keep it within linear range. This may cause
decreased detection limits for other compounds in the analyses.
The detection limits range down to ©0.00005 Kg/L for compounds
such as TCA depending on the conditions of the measurement, in
particular, the sample size. If any companent being analvyzed is
not detecteds, the detection limit for that compound in that
analysis is given as a "less than” value (e.g. <0.0001 Rg/L).
This number is calculated from the current response factor, the
sample size, and the estimated minimum peak size (area) that

would have been visible under the conditions of the measurement.
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QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES

Tracer Research Corporation’s normal quality assurance
procedures were followed in order to prevent any cross-
contamination of soil gas samples.

. Steel probes are used only once during the day and then
washed with high pressure scap and hot water spray or
steam-cleaned to eliminate the possibility of cross-
caoantamination. Ernough probes are carried on each van to
avoid the need to reuse any during the day.

. Probe adaptors (steel reducer and tubing) are used once
during the course of the day and cleaned at the end of each
working day by baking in the GC oven. The tubing is
replaced periodically as needed during the job to insure
cleanliness and good fit.

. Silicone tubing (connecting the -adaptor to the vacuum pump)
is replaced as needed to insure proper sealing around the
syringe needle. This tubing does not directly contact soil
gas samples.

. Glass syringes are usually used for only one sample per day
and are washed and baked ocut at night. If they must be
used twice, they are purged with carrier gas (nitrogen) and
baked ocut between probe samplings.

. Septa through which soil gas samples are injected into the
chromatograph are replaced on a daily basis to prevent
possible gas leaks from the chromatographic column.

. Analytical instruments are calibrated each day by the use
of chemical standards prepared in water by serial dilution
from caommercially available pure chemicals. €Calibration
checks are alsoc run after approximately every five soil
gas sampling locations.

. 2 cc subsampling syringes are checked for contamination
prior to sampling each day by injecting nitrogen carrier
gas into the gas chromatograph.

. Prior to sampling each day, system blanks are run to check
the sampling apparatus (probes adaptor, 10 cc syringe) for
contamination by drawing ambient air from above ground
through the system and comparing the analysis to a con-—-
currently sampled air analysis.
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All sampling and 2 cc subsampling syringes are decontami-
nated each day and no such equipment is reused before being
decontaminated, Microliter size subsampling syringes are
reused only after a nitrogen carrier gas blank is run to
insure it is not contaminated by the previous sample.

Soil gas pumping is monitored by a vacuum gauge to insure
that an adequate gas flow from the vadose zone is
maintained. A negative pressure {(vacuum) of 2 in. Hg
less than the maximum capacity of the pump {(evacuation
rate >0.02 cfm) usually indicates that a reliable gas
sample cannot be obtained because the so0il has a very low

air permeability.
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RESULTS

A total of 39 so0il gas samples were taken and analyzed
during the investigation of the Millcreek site. At six locatians
soil gas samples could not be extracted due to saturated
conditions at a depth of less than 1.3 feet. Analytical results
are condensed in Abﬁgaaiiwé. /

The results obtained by NUS Corporation, PADER and ERT
(November 1982 through September 1984) from subsurface soil and
groundwater samples suggest that there is widespread volatile
organic compound contamination underlying the Millcreek site. The
greatest density of V0OC’s  were detected in the vicinity of
Marshall’s Run in the eastern portian of the site. The
predominant compound detected was l,2-dichlorocethene. Based on
these results it was expected that Tracer Research Corporation
would detect fairly high concentrations of 1,2-dichlorocethene and
other volatiles in the vicinity of Marshall’s Run, where the NUS
report outlined a groundwater contamination plume. Soil gas
samples taken in the area of the suspected plume did not confirm
the presence aof
underlying groundwater or soil contamination or identify a source
of contamination which may be cauéing the groundwater
contamination.

The s0il gas vapor concentrations were much lower than
expected based an the groundwater data collected from previous
investigations. Several factors may be responsible for the low
s0il gas values. Several mechanisms decrease concentrations of
contaminant vapors in the vadose zone. Infiltration of clean
water onto contaminated water will cause a contaminant plume to
sink. Infiltration produces a layer of clean water that will
become a barrier to the upward migration of contaminant vapors
preventing them from being detected in the shallow soil gas.

Biological degradation and the natural depletion of vapors due
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diffusion into the atmosphere are other mechanisms to deplete the
concentration of vapors above a contaminant plume. The hydrologic
setting and age of the contaminant plume are probably responsible
for the poor correlation with the data from the previous
investigations.

Although the concentrations detected over most of the
Millcreek site were relatively lows the strict adherence of the
Tracer Research Corporation field crew to the (Guality
Assurance/Buality Centrol plan and the gstandard sampling and
analysis techniques, assures that the data obtained is
representative of the present conditions in the shallow sgil gas
underlying the Millcreek site.

The presence of very low concentrations over the entire site
is evidence that degradation, the natural depletion of vapors to
the atmosphere and clean water overlying the contaminated aquifer
impacted the concentratiaons of volatiles in the shallow soil gas.
In areas where there 1is significant groundwater contamination,
residual sgil contamination from the source is almoest always
detected using the soil gas. The residual soil contamination of a
sgurce that has caused groundwater contamination is often
detectable as far as 3500 feet away from the point of the source.
The fact that no such source was detectable during the December
1987 s0il gas investigation is evidence that the mechanisms
discussed abaove which cause decreased concentrations of
contaminant vapors are the reasons that the soil gas survey does

not correlate with the previous sampling efforts.

TCE Distribution
The highest concentrations were detected at sampling
locations SG-11 and §G6-21 (1 Mg/L). Elevated concentrations of

TCE are apparent in two main areas. One area is centered in the

9 AROCC1T 138

==




Tracer Research Corporation

vicinity of monitoring wells MW-23, the other near soil gas
samples S6-10 and 86-11. Confirming samples in these two areas
would identify the source of elevated concentrations as either

low level soil contamination, groundwater contamination or a

combination of soil and groundwater contamination.

1,2-DCA/TCA Distribution

Elevated concentrations of 1,2-DCA/TCA were detected in
three main areas. These three areas include the area on site in
the vicinity of the test pits and west to Marshall Drive, the
southern end of the estimated DCE plume and down gradient to the
north of the estimated plume. The level of contamination detected
in these areas, 0.02 Kg/L to 4 xg/L-as DCA or 0.002 Hg/L to 0.03
Hg/L as TCA, may indicate either low level soil contamination or
underlying groundwater contamination. Further soil and
groundwater sampling would identify the source of contaminant

vapors detected in the soil gas.
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CONCLUSIONS
The results of this survey indicate that there are several

areas containing slightly elevated concentrations of TCE and 1,2-
DCA/TCA. Conventional soil and groundwater samples on site in the
test pit area, within the estimated plume, and downgradient from
the estimated plume would indicate if the elevated concentrations
detected in the sgil gas reflect low level so0il contamination,

underlying groundwater contamination or a combination of soil and

groundwater contamination.
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APPENDIX A: CONDENSED DATA
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